thought, that the mild volatile alkali, which has been supposed by chemists to superabound with phlogiston, can yet attract it from blood. It appears to me, however, unnecessary to bring any further arguments of this kind against the opinion of Dr. P r i e s t l e y , since the following experiments will, I expect, be thought sufficient to shew, in opposition to what is taken for granted by him in the whole of his inquiry, that the alteration induced upon the colour of blood, both, by common air and the neutral salts, is altogether independent of any change effected by them upon its colouring matter;.
I infused a piece of black crassamentum of blood in dis tilled water, and immediately after covered the containing vessel closely* to prevent the access of air. Having obtained by this means a transparent solution of the red matter of blood,, nearly free from serum and coagulable lymph, I exposed a quantity of it to the open air, in a shallow vessel, and poured an equal quantity into* a small phial, which was then well closed. W hen the first portion of the solution had been ex posed to the air for several hours, I decanted it into a phial, of the same size and shape as that which contained the second, portion, and having added to it as much distilled water as was sufficient to compensate the loss it had suffered by evapo ration, I now compared the two together, and found them to be exactly of the same colour, with regard both to kind and degree. I afterwards poured two other equal quantities of the red solution into two phials of the same size and shape. To one I added a little of a solution of nitre in water, and to the other as much distilled water. Upon comparing the two mix tures together, I found that they also possessed precisely the same colour. Lastly, I cut a quantity of dark crassamentum: of blood into thin slices, and exposed them to common air. When they became florid, I put them into a phial containing distilled water. I then took as much of the same crassamentum, which was still black, and infused it in an equal quantity of distilled water, contained in a phial similar in size and shape to the former. The two solutions which were thus obtained, one from florid blood, the other from black blood, were, not withstanding, of precisely the same colour. These experiments were frequently repeated, and were attended with the same results, as often as I used certain precautions, which shall be mentioned hereafter, as the reasons for them will then be more readily understood than they can be at present.
Assuming therefore as proved, that neither common air, nor the neutral salts (for all those I have tried are similar to nitre in this respect) change the colour of the red matter of blood; I shall now attempt to explain the manner in which those sub stances give, notwithstanding, to black blood a florid appear ance ; premising, however, some observations upon the colours of bodies in general.
It was the opinion of K e p l e r , * that light is reflected with out colour from the surfaces of bodies; which he says is easily proved, by exposing to the sun's light a number of cups filled with transparent liquors of different colours, and receiving the reflexions from them upon a white ground in a dark place.
Z u c c h iu s , who was younger than K e p l e r , but for some time his cotemporary, taught more explicitly,-f that the colours of bodies depend, not upon the light which is reflected from their anterior surfaces, but upon that portion of it which is received into their 
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internal parts, and is tfience sent back through those sur faces. The following are some of the experiments, upon which he founded this doctrine. He exposed small round pieces of transparent glass, tinged with various colours, to the light of the sun, and received what was reflected from them upon white paper, in a darkened part of his room. He then found, that each glass produced two luminous circles, which, when the paper was sufficiently remote, were entirely separate from each other; and that the circle which proceeded from the upper surface of the glass was altogether without colour, while that which arose from the under surface, was of the same colour as the glass exhibited, when held between the light and the eye. From these experiments Z u c c h i u s also concluded, first, that every coloured body must be in some degree transparent, since a body absolutely impenetrable to light, could only reflect the colours of other bodies, but possess none of its ow n; and, se condly, that all bodies, which appear coloured when seen by reflected light, must be in some measure opake ; for as the light which is reflected from their surfaces comes untinged to the eye, if that part of it which penetrates their substance were afterwards to proceed in it without impediment, no co lour could be exhibited by them; * * The works of Z ucchius seem very little known, though they contain a consi derable number of original experiments, and though it is probable that he was the inventor of the reflecting telescope. For he says (Pars i. p. 126.) it had occurred to him so early as 1616, that the same effect which is produced by the convex objectglass of a telescope, might be obtained by reflexion from a concave mirror; and that, after many attempts to construct telescopes with such mirrors, which proved fruitless from imperfections in their figure, he at length procured a concave mirror very accu rately wrought, by means of which, and a concave eye-glass, he was enabled to prove his theory to be jusf. He does not mention at what precise time he constructed this MDCCXCVII.
.3 I When Sir I s a a c N e w t o n began his experiments upon light and colours, it was generally believed, tjiat colours in opake bodies arise from some modification given to light, by the surfaces which reflect it. In opposition to one part of this opinion, our great philosopher maintained, that such bodies are seen coloured, from their acting differently upon the different colorific rays, of which white light is composed; but having established this point beyond dispute, he seems to have ad mitted, without inquiry, that colours are produced at the sur faces of the opake bodies to which they belong. For his expe riments do not necessarily lead to such a conclusion; on the contrary, they are not more consistent with it, than they are with the opinion of K e p l e r and Z u c c h i u s . This opinion,, indeed, he appears not to have know n; since he has taken for granted, what is contradicted by the experiments upon which it is founded, that the tinging particles of transparent bodies reflect coloured light. *
The very splendour of Sir I s a a c N e w t o n ' s discoveries in optics, has probably done some injury to this branch of know ledge ; for soon after they were made public, it became a common opinion, that the subject of light and colours had been exhausted by that great man, and that no writer upon it before him, was now worthy of being read. T he former part of this opinion has long been generally acknowledged to be unjust; but the latter part of it is still maintained by many, This gentleman has lately published * a very elaborate treatise to prove, that the colours of opake bodies do not arise from the rays of light which they reflect from their anterior surfaces; but from that portion of it, which, having penetrated their an terior surfaces, is reflected by the opake particles which are diffused through their substance. But had the learned author not believed, that no European writer upon colours, before Sir I s a a c N e w t o n , contained any valuable information upon that subject, he would probably have discovered, that both K e p l e r and Z u c c h i u s had long ago maintained the very opinion which he now advances, and that they had built it upon experiments similar to his own. T he merit of the invention of this theory belongs, therefore, to the great K e p l e r ; but still much praise is due to Mr, D e l a V a l , both for reviving and confirming i t ; since, though it be not free from defects in some of its parts, it affords solutions of several optical difficulties, which, as far as I know, admit of an explanation from no other source. Among these I regard the phenom enon which is the subject of the present inquiry. T o shew then, from the theory of K e p l e r , Z u c c h i u s , and D e l a v a l , how common air and the neutral salts may brighten the appearance of blood, without producing any change upon its colouring matter, I shall first suppose that all its parts have the same reflective power. T he consequence will be, that a mass sufficiently thick to suffocate the whole of the light which enters it, before it can proceed to the posterior surface, and be thence returned through the first surface, must appear black; * Manchester Memoirs, Vol. II.
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for the rays which are reflected from the first surface are without colour, and, by hypothesis, none can be reflected from its inter nal parts. In the next place, let there be dispersed through this black mass a small number of particles, differing from it in re flective power, and it will immediately appear slightly coloured; for some of the rays, which have penetrated its surface, will be reflected by those particles, and will come to the eye ob scurely tinged with the colour, which is exhibited by a thin layer of blood, when placed between us and the light. Increase now by degrees the number of those particles, and in the same proportion as they are multiplied, must the colour of the mass become both stronger and brighter.
Having thus shewn that a black mass may become highly coloured, merely by a considerable reflexion of light from its internal p a rts; if I should now be able to prove, that both common air and the neutral salts increase the reflexion of light from the internal parts of blood, at the same time that they brighten it, great progress would certainly be made in esta blishing the opinion, that the change of its appearance, which is occasioned by them, depends upon that circumstance alone. But the following observations seem to place this point beyond doubt.
I compared several pieces of crassamentum of blood, which had been reddened by means of common air and the neutral salts, with other pieces of the same crassamentum, which were still black, or nearly s o ; upon which I found, that the red dened pieces manifestly reflected more light than the black. One proof of this was, that the minute parts of the former could be much more distinctly seen than those of the latter. Now this increased reflection of light, in the reddened pieces, on the Colour o f Blood.
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could not arise from any change in the reflective power of their surfaces; for bodies reflect light from their surfaces in proportion to their density and inflammability; and neither of those qualities, in the reddened pieces of crassamentum, can be supposed to have been augmented by common air, or a solution of a neutral salt in water. The increased reflection must, consequently, have arisen from some change in their internal parts, by means of which much of the light which had formerly been suffocated, was now sent back through their anterior surfaces, tinged with the colour of the medium through which it had passed.
The precise nature o f the change which is induced upon blood by the neutral salts, is made manifest by the following experiment. I poured upon a piece of printed card as much serum, rendered very turbid with red globules, as barely al lowed the words to be legible through it. I next dropped upon the card a little of a solution of nitre in w ater; when I obser ved, that, wherever the solution came in contact with the turbid serum, a whitish cloud was immediately formed. T he two fluids were then stirred together; upon which the mixture became so opake, that the printed letters upon the card could no longer be seen. I have not hitherto been able to devise any experiment, which shews the exact change induced by common; a ir ; but it is evident that air must also, in some way, increase the opacity of blood, since it can, by no other means, increase the reflection of light from the interior parts of that body.
This theory explains another fact respecting the colour of blood, which might otherwise seem unaccountable. If a small quantity of a concentrated mineral acid be applied to a piece of dark crassamentum, the parts touched by it will for an instant appear florid; but the same acids, added to a solution of the red matter in water, do nothing more than destroy its colour. Upon examining the crassamentum, a reason for this difference of effect is discovered; for the spots, upon which the acid was dropped, are found covered with whitish films. From which it seems evident, that the acid had occasioned an increase of opa city in the crassamentum, more quickly than it had destroyed its colour; and that the red matter, from having been in con sequence seen by a greater quantity of light, had in that short interval appeared more florid than formerly.
The change which, I think, I have proved to take place in blood, when its colour is brightened by common air and the neutral salts, is similar to that which occurs to cinnabar, in the making of vermilion. This pigment, it is known, is formed from cinnabar, merely by subjecting it to a minute mechanical division. But the effect of this division is, to interpose among its particles, an infinite number of molecules of air, which, now acting as opake matter, increase the reflection of light from the interior parts of the heap, and by this means occasion the whole difference of appearance which is observed between those two states of the same chemical body.
I expect, however, it will be said, in opposition to what I have advanced, that, granting an increased reflection of light takes place from the interior parts of blood, in consequence of the ap plication of common air and thefc neutral salts, still this is not a sufficient cause for the production of the colour which they occa sion ; for the colour of blood, after those substances have acted upon it, is a scarlet, which, agreeably to the observation of a learned and ingenious Fellow of this Society, Dr. G. 
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differs not only in brightness, but also in kind, from the ordi nary colour of that fluid, which is a Modena red.. M y answer is, that there are examples, beside that to which the objection is made, of dark blood appearing florid/ merely from its colouring m atter being seen by m eans'of an increased quantity of light. One is afforded by rubbing a piece of the darkest crassamentum w ith a proper quantity of serum ; for a mixture is thus formed, in a few seconds, possessing a colour similar to that which is given to crassamentum by common air; But here we certainly do nothing more, than interpose among the red globules a number of the less dense particles of serum ; which, in their present situation, act as opake matter, and con sequently increase the internal reflections. A second example occurs, when we view, by transmitted light, the fine edges and angles o f a piece of crassamentum in water ; for, in this si tuation, their colour appears to be a bright scarlet, though all the other parts of the same mass are black. These facts seem sufficient to prove, that the immediate cause I have assigned for the production of the florid appearance in blood, which has been exposed to the action of common air and neutral salts, is adequate to the effect ; but I shall advance a step further, and shew how the Modena red is converted into a scarlet.
Blood, as I have found by experiment, is one of those fluids which Sir I s a a c N e w t o n has observed appear yellow, * if viewed in very thin masses. W hen, therefore, a number of opake particles are formed in it, by the action of common air and the neutral salts, many of them must be situated imme diately beneath the surface. T he light reflected by these will consequently be yellow; and the whole effect of the newly- formed opake particles, upon the appearance of the mass, will be the same, as if yellow had been added to its former colour, a Modena red. But Modena red and yellow are the colours which compose scarlet.* I shall now relate the cautions to be observed in making the experiments, which are described in the beginning of this paper.
The first is, that the blood should be newly drawn, and the weather cool. For as the solution of the red matter is not to be filtred, but must become transparent by the gradual sub siding of whatever may render it turbid, if the blood be old, or the weather warm, it will often assume, before it be clear, a dark and purplish hue. W hen exposed in this state to the atmosphere in a broad and shallow vessel, its colour changes to a bright red, which, however, is not brighter than the pro per colour of the solution. The dark purplish hue seems owing to some modification of sulphur; for the solution possessing it smells like hepatic air, particularly when agitated, and tarnishes silver which is held over it. Neutral salts produce no change upon this colour.
The second caution is, that the neutral salts be not added to the red solution, except when perfectly transparent; for if it be not so, the salts will render it more turbid, and the mixture will appear brighter, if seen by reflected light.
The last I shall note is, that the red solution ought to be poured gently from the vessel in which it has been made. If it be not, as it is a mucilaginous liquor, it is apt to entangle small particles of air, which by acting as opake matter, will for some time alter the appearance of the solution.
on the Colour Blood.
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I proceed next to offer a few observations upon the cause of the red colour of blood.
It has of late been very generally supposed, that blood derives its colour from iron. As far as I know, however, no other argu ment has been given in support of this opinion, than that the red matter is found to contain that metal. But there is certainly no necessary connection between redness and iron ; since this metal exists in many bodies of other colours, and even in va rious parts of animals without colour, as bones and wool. More direct reasons, however, may be given for rejecting this opinion.
1. I know of no colour, arising from a metal, which can be permanently destroyed by exposing its subject, in a close vessel, to a heat less than that of boiling water. But this happens with respect to the colour of blood.
2. If the colour from a metal, in any substance, be destroyed by an alkali, it may be restored by the immediate addition of an acid; and the like will happen from the addition of a proper quantity of alkali, if the colour has been destroyed by an acid. The colour of blood, on the contrary, when once destroyed, either by an acid or an-alkali, can never be brought back.
3. I f iron be the cause of the red colour of blood, it must exist there in a saline state, since the red m atter is soluble in water. The substances, therefore, which detect almost the smallest quantity of iron in such a state, ought likewise to demonstrate its presence in blood; but upon adding Prussian alkali, and an infusion of galls, to a very saturate solution of the red matter, I could not observe, in the former case, the slightest blue precipitate, or in the latter, that the mixture had acquired the least blue, or purple tint.
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Upon the whole it appears to me, that blood derives its colour from the peculiar organization of the animal matter of one of its p arts; for whenever this is destroyed, the colour dis appears, and can never be made to return ; which would not, I think, be the case, if it depended upon the presence of any foreign substance whatsoever.
I shall conclude this paper with relating several miscellaneous facts respecting the colour of blood, and some conclusions which may be formed from them.
Dr. P riestley has mentioned,* that the only animal fluid, beside serum, which he found to transmit the influence of common air to blood, was milk. But I have observed, that the white of an egg possesses the same property, notwithstanding its great tenacity. Nowr as serum contains an animal substance very similar to the white of eggs, it occurred to me as a ques tion, whether, in transm itting the influence of air to blood, it acts by its salts only, or partly by means of the substance of which 1 have just spoken. I took therefore a quantity of urine, which is known to contain nearly the same salts as serum, and having added to it as much distilled water as rendered its taste of the same pungency as that of serum, I poured the mixture upon a piece of dark crassamentum of blood. I then put to another piece of the same crassamentum an equal quantity of serum, and exposed both parcels to the atmosphere. T he result was, that the blood in the diluted urine did not become nearly so florid as that in the serum. I have found also, that a solution of sugar in water conveys the influence of air to blood; from which it seems probable, that milk owes its similar pro perty to the saccharine matter which it contains. Black blood exposed to the atmosphere under mucilage of gum arabic, does not become florid.
It has been said,* th at neither serum, nor solutions of the neutral* salts, dissolve the red m atter of blood. But this in duction has-been made from too small a num ber of experi ments. F or saturate solutions of all the neutral salts, which I have tried, will extract, though slowly, red tinctures from blood, some of which are very deep; and neither they, nor serum, added in any proportion to a solution of the red m atter in water, alter its colour or transparency, except by diluting it. T h e following experiments, however, will place this point in a clearer light.
I added a drachm of distilled water to an ounce of serum, and poured the mixture upon a small piece of crassamentum. Upon an equal piece of crassam entum I poured a drachm of water, and after some tim e added an ounce of serum. Each parcel, therefore, contained the same quantity of crassamen tum , serum, and w ater; but the crassam entum upon which the mixture of serum and w ater had been poured, communicated no tinge to i t ; while the other piece, to which w ater had been first applied, and afterwards serum, gave a deep colour to the fluid above it. I made similar experiments with crassamentum, water, and a dilute solution of a neutral salt, which were at tended with the same results.
Since then neither serum, nor a dilute solution of a neutral salt, will extract colour from blood, though they are both ca pable of dissolving the red m atter, when separated by water from the other parts of the mass, it follows, in my opinion, th at what are called the red globules consist of two parts, one * Foroyce's Elements of the Practice of Physic, p. 14.
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Dr. W e l l s 's Observations and Experiments *9 within the other, and that the outer, being insoluble in serum or dilute solutions of neutral salts, defends the inner from the action of those fluids. It is remarkable, that microscopical ob servations led Mr. H e w s o n to the same conclusion, namely, that the red globules consist of two parts,* which, according to him, are an exterior vesicle, and an interior solid sphere. But the same writer, upon the authority of other microscopic experiments, asserts that the vesicles are red. If they be so, there must exist two red matters in the blood, possessing dif ferent chemical properties; which is certainly far from being probable.
The exterior part of the globule appears to be that ingre dient of the blood upon wdiich common air and the neutral salts produce their immediate effect, when they render the whole mass florid; for I have shewn they do not act upon the red matter itself, and I have not found that they occasion any change in coagulated lymph or serum. T he only matter then which remains to be operated upon, is that which I have men tioned. It seems evident also, from what has been just stated, that there exists an animal matter in the blood, different from the coagulable lymph, the coaguiable part of the serum, the putrescent mucilage, and the red particles, which, I believe, are all the kinds it has hitherto been supposed to contain.
The microscopical observations of Mr. H e w s o n appear like wise to furnish a reason, why both water, and a saturate solution of a neutral salt, can extract colour from the red globules, though a mixture of those fluids be incapable of the same effect. For water applied to the red globules, separates the exterior vesicles from the red particles, which are therefore now
